THE outstanding feature of cartilage in the evolution of the vertebrates. is the constancy of its morphological characters. Of all the tissues of the human body none display greater persistence of histological entity. Cartilage can be traced through all the modifications of form in the evolution of the skeleton from the dogfish to Man; in the evolution of joints from union by fibrocartilage in fish to diarthrodial joints of a high degree of specialization in the mammal. The cartilaginous skull of the human embryo persists in part as the septum and cartilages of the nose in the adult; the hyaline cartilage of the embryo continues to proliferate in proximity to the diarthrodial joints of Man into extreme old age.
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Since repeated attempts at the analysis of the protean manifestations of disorders in bone have failed, and since the classification of disorders of bone-growth have become increasingly complex, an attempt has been made to analyse bone-growth in terms of the three fundamental processes of proliferation in cartilage, calcification in cartilage, and actual bone formation. Inasmuch as the study of osteogenesis has proved to be relativelv unfertile in interpreting disorders of growth, a return has been made to the study of the morphological characters of cartilage. Bichat described very clearly the evolution from the slimy (mesenchymal) by way of the gristly (cartilaginous) to the bony skeleton. Accordingly the mode of growth of cartilage in the mammalian embryo was examined anew in order to ascertain what light, if any, could be thrown upon disorders of skeletal growth.
The growth and nutrition of cartilage in the human embryo. Notwithstanding that Hassall and Kolliker described fully the morphological characters of cartilage in the first two textbooks of histology published in 1848, and the fact that Flemming depicted the presence of granules (now dignified as mitochondria) in the cartilage cells of the salamander, it is remarkable that consideration of such a tissue should have played so small a part in the development of the theory of mitotic cell division originally propounded by Flemming and Schleicher. Mitotic division of the cell is still demonstrated mainly in vegetable tissues, occasionally in invertebrate tissues, such as the egg of Ascaris, and but rarely in human tissues, unless the student be fortunate enough to see tissue-culture preparations of tumours. In 1929 Evans and Swezy [1] published a histological method which proved eminently satisfactory in the study of the chromosomes in human tissues. We applied this method to a study of the proliferating cartilage of the human embryo.
The tissue is fixed immediately in Allen's modification of Bouin's fluid at 380 C. for fifteen to thirty minutes. After embedding in paraffin, serial sections are cut at 8,u and stained with iron haomatoxylin without counter-stain. Excess of stain is removed by 70% acid alcohol. The sections are mounted and viewed with the highest possible magnification by means of a 400-watt lamp. Typical mitoses in cartilage are shown in fig. 1 Serial sections of the ends of the long bones were prepared by this method. The diagram ( fig. 2 ) represents the typical distribution of mitotic figures in a large series of sections. It will be seen that the area of actual cell division as represented by mitoses is limited to a definite zone at which nutritional conditions must be approximately identical. The arrangement of the proliferating cartilage cells is such that three definite statements can be made.
(1) On passing from the region of active mitosis to the free surface of the cartilage in the joint, the cells become progressively older. (2) On passing; from the region of active mitosis to the centre of the cartilaginous epiphyses, the cells become progressively older.
(3) On passing towards the shaft from that portion of the region of active mitosis which is nearest to the shaft of the bone, the cells become progressively older.
This arrangement of the zone of active mitosis explains the peculiar orientation of cartilage cells in the process of bone formation. Firstly, the older cartilage cells become crowded towards the centre of the epiphyses, giving an irregular mass of densely congregated cells in which senescence is accompanied by calcification of the matrix ( fig. 3 ). Secondly, as we pass from the zone of active mitosis to the free surface of the cartilage in the joint, we have a facial orientation of the cells whereby they become separated and flattened as we approach the surface. The cell nuclei stain more feebly, the protoplasm decreases in quantity and at the free surface cartilage cells are flattened and virtually dead. The morphological characters of these cells have much in common with the cells of the stratum corneum of the epidermis. Thirdly, the cartilage cells in the zone of mitosis in contiguity to the shaft of the bone become Qrientated into columns in the region which is subsequently termed the epiphysial growth cartilage. This region corresponds closely in the early developmental stages with the line of reflection of the perichondrium or periosteum to form the capsule of the diarthrodial joint. It should be noted that the hereditary shape of the bone determines the disposition of the zone of actively proliferating cartilage wherein nutritional conditions are optimal for proliferation. A tissue undergoing senescence exhibits one or other of those degenerations which form the basis of pathology. Degeneration of a tissue is either of the hyaline, mucoid or fatty type, and hyaline degeneration, for example, in a tubercle or a myoma is well known to be accompanied by calcification of the intercellular matrix. In the case of the degenerating cartilage cells bordering on the joint surface, calcification does not occur. In those cells congregated at the centre of the epiphysis, calcification of the matrix occurs because the cells of the avascular tissue can no longer obtain adequate nutrition by the imbibition of tissue juice. In this region the pattern of the calcifying intercellular matrix is irregular. In the zone adjoining the diaphysis the cells are arranged in columns with intercellular matrix in the form of longitudinal and transverse bars. As the cartilage cells in the column become progressively older towards the diaphysis, calcification of the matrix begins. The capillaries of the bone-marrow invade the zone of calcified cartilage bringing with them primitive fibroblasts which undergo differentiation into active osteoblasts. The osteoblasts remove the calcified cartilage and simultaneously lay down bone in the framework of the longitudinal and transverse trabeculae of the calcified matrix. In the process of reabsorption and remodelling only about one in three of the longitudinal trabeculae of calcified cartilage persists. Of the transverse trabecule between successive cartilage cells in a given column, about one in seven persists as a transverse trabecula of bone. Since the shaft of the bone on the one hand is supplied by a nutrient artery the terminal branches of which are virtually end-arteries, and since on the other hand the joint capsule and epiphyses are supplied by numerous articular branches which freelv anastomose, it can now be seen that both the anastomotic branches of the epiphysial arteries and the end-arteries of the diaphysis present a vascular pattern which is already predetermined by the arrangement of the calcified matrix, which in turn results from the disposition of the zone of mitotic figures in cartilage ( fig. 3) .
It now becomes clear why calcification of the matrix is the hereditary form of degeneration in cartilage, for no other type of degeneration would permit of the maintenance of the form of the bones of the skeleton from embryonic to adult life. When avascular calcified cartilage is replaced by highly vascularized bone and marrow, the bone trabeculae, both longitudinal and transverse in the diaphysis, or irregular and anastomosing in the epiphysis, assume the pattern already delineated in cartilage during the process of proliferation. This replacement of avascular cartilage by vascular bone and marrow presents many of the features of an aseptic inflammatory process.
In attempting to explain the structure of bone there is no need to make use of the various mathematical theories in terms of stresses and strains, of which the Meyer-Wolff law is an example. The pattern of the trabeculae in the bony epiphysis and diaphysis is hereditary. It is present in the embryo before the muscles are developed. Proof of this inherent power of self-orientation and differentiation in the cartilage is afforded by the experiments performed by Dr. Honor Fell and Dr. R. Robison [2] . They have succeeded in growing in vitro the rudiments of the limb of a chick embryo wherein the embryonic femur or humerus grows so as to present a striking resemblance in shape to the adult bone, with characteristic orientation of the cartilage cells and even actual bone formation under circumstances in which no muscle pull, tension, or stress can be brought forward as a determinant.
A CASE OF ACHONDROPLASIA AS AN EXAMPLE OF A DISORDER OF GROWTH IN CARTILAGE.
Combined radiographic and histological studv of a stillborn infant (for which we are indebted to Dr. Johnston of Frome) has thrown considerable light on the pathology of achondroplasia. The term achondroplasia was introduced by Parrot in 1876 to describe the dwarf-like features of certain fcetuses. Porak in 1891 and Pierre Marie in 1900 described certain of these achondroplastic fcetuses who lived to childhood and even attained maturity as dwarfs. Kaufmann, in 1892, introduced the term chondrodystrophy so as to emphasize the fact that the condition was characterized by malnutrition of the cartilage rather than absence of the cartilage. The photomicrograplh of the femur of this achondroplasic infant (fig. 4) shows that the shaft consists of closely packed transverse trabecule with failure of development of longitudinal trabeculte. In short, the structure of the shaft is that obtained by telescoping a normal shaft. The cartilaginous epiphyses are atypical inasmuch as the normal process of calcification in the matrix is replaced by mucoid degeneration, a process in which mucoprotein of unknown composition is formed from the chondrin of the cartilaginous matrix. The cartilage cells swell, the surrounding capsules are distended and the matrix is converted from a resilient solid to a viscous fluid consistency. This replacement of the normal process of calcification by mucoid degeneration accounts for the failure of the epiphysis to maintain its hereditary form. The mucoid tissue is removed slowly by an avascular inflammatory process. In certain areas which appear to have escaped this abnormal degeneration, calcification of the cartilaginous matrix occurs with subsequent vascularization and bone formation. Thus, instead of a single centre of ossification, the pattern tends to be that of multiple irregular centres interspersed with areas of mucoid degeneration.
Histological examination of the epiphysial cartilage adjoining the shaft shows the failure of the cartilage cells to arrange themselves in well-marked columns with longitudinal and transverse intercellular matrix. The microscopic section shows a dense transverse bar of bone adjoining the marrow cavity, instead of the usual longitudinal and transverse trabeculie.
In an achondroplasic calf, for which we are indebted to Professor Boycott, the histological appearances of the shaft and epiphyses are identical with those of the human.
A CASE OF CONGENITAL DEFORMITIES AS AN EXAMPLE OF A DISORDER OF GROWTH IN THE CARTILAGE.
We are indebted to Dr. R. C. Lightwood and Dr. Hugh Thursfield [3] for permission to examine radiologically and histologically the tissues from that interesting case of a child aged 11 months which they have already described in a paper entitled "Congenital deformities with stippled epiphyses and congenital fig. 7 , a & b) is shown in comparison with the spine from this case. In the normal the cartilage presents the standard features of three clearly demarcated zones of (1) proliferating cartilage columns; (2) calcified cartilage with calcification of the longitudinal and transverse bars of the matrix; (3) bone formation. The vertebra of the case described by Drs. Thursfield and Lightwood shows mucoid degeneration of the cartilage interspersed with areas of normal calcification of the matrix. Where mucoid degeneration occurs there is collapse and failure to maintain the normal shape of the vertebra.
The actual life-size appearance of the abnormal spine is shown here togetber with that of a normal of practically the same age ( fig. 8 ). Radiographic and histological examination of the remaining bones in this case reveal a similar condition of degeneration of the cartilage with collapse and alteration of shape in the epiphyses accompanied by that patchy ossification which gives rise to the description " stippled epiphyses." The shafts of the long bones present chronic arrest of growth of that type which reaches its highest form in achondroplasia.
It is a curious fact that perversions of growth in the long bones are often associated with irregularities in the size and shape of the vertobrae. As an example of this we show the first lumbar vertebra of a girl of 12 in whom multiple tumours of the long bones were present. Several of the dorsal vertebrae displayed similar irregularities, some of the bodies being reduced to biconcave discs 3 to 4 mm. deep. Of further significance is the fact that congenital dislocation at the two regions of slow growth, i.e., the elbow and the hip, is frequently associated with irregularities in the shafts of the long bones and in the vertebrae. Summnary.-(1) The zone of active mitosis is indicated in the cartilage at the ends of the long bones in the human embryo.
(2) The process of calcification in cartilage is regarded as the unique means whereby the hereditarv form of a bone can be maintained from early embryonic life to old age.
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Section af-Orthopcedics (3) Although the cause of mucoid degeneration in cartilage is unknown, the fundamental conception of the growth factors in cartilage provides a basis for the co-ordination of a group of clinical cases ranging from achondroplasia or congenital dislocation, on the one hand, to relatively localized irregularities in the vertebri or epiphyses on the other.
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